INTRODUCTION
Achalasia is a primary esophageal disorder of variable causes, with an incidence between 0.03 to 1/100,000 people, and a prevalence of approximately 10/100,000, with no difference between gender [1] [2] [3] [4] .
It is more frequent in South and Central America, where Chagas disease is endemic. In addition to infectious etiology, other causes of achalasia are idiopathic, autoimmune, or drug-related [5] .
Chagas disease is an incurable disease where there is total or partial destruction of the intramural motor plexus (Auerbach plexus and Meissner plexus), leading to esophageal aperistalsis and relaxation of the lower esophageal sphincter (LES).
With this underlying pathology, the patients present with progressive dysphagia, retrosternal pain, regurgitation, and weight loss [6] .
There are several treatments for this pathology, including medication, surgical and endoscopic treatments. All are palliative because the disease has an unknown pathogenesis with an evolutionary characteristic.
In patients with chagasic disease, the esophagus can dilate to a large caliber. In this circumstance, a well-renowned Brazilian doctor, Ferreira-Santos [7] , developed a radiological classification defined by the transverse diameter of the esophagus image contrasted in the antero-posterior incidence, and by the stasis time, that helps with the orientation of the treatment to be used.
Grade I -Moderate dilatation, up to 4 cm of transverse diameter. Small stasis at 5 min.
Grade II -Dilation up to 7 cm of transverse diameter. Stasis at 30 min.
Grade III -Dilation up to 10 cm of transverse diameter with sigmoid-shaped esophagus. Persistence of stasis after 30 min.
Grade IV -Dilation greater than 10 cm of transverse diameter with deviation of the longitudinal axis of the esophagus.
The sigmoid-shaped esophagus (Grade III and Grade IV) is considered to be the advanced stage of achalasia, in which the esophageal lumen is significantly dilated, swerved, and rotated. Up to 10% of all patients with long-standing achalasia (defined as more than 10 years after first diagnosis) developed a sigmoid-shaped esophagus and/or megaesophagus. Endoscopic treatment of advanced achalasia with sigmoid type esophagus is still controversial. Most of the people recommend esophagectomy, mainly in Grade IV, while others recommend myotomy as the first step. Successful treatment of sigmoid-shaped esophagus with laparoscopic Heller myotomy has been demonstrated by several studies [8] [9] [10] .
A Brazilian group led by Crema et al. [11] , published a paper that assists physicians in managing patients with sigmoid-shaped esophagus Grade III. They analyzed the radiologic and manometric findings of 43 patients suffering from chagasic megaesophagus with positive tests for Chagas disease. There was a significant reduction in the high pressure levels of the body of the esophagus related to the stage of the disease: stage I/II -42.9 mmHg, stage III -23.6 mmHg, and stage IV -15.6 mmHg. It was observed that five (35.7%) stage III patients had high pressure levels below 20 mmHg presenting with advanced megaesophagus and underwent a subtotal esophagectomy following esophagogastroplasty instead of cardiomyotomy with anti-reflux valve. The manometric study in stage III patients with chagasic megaesophagus was considered helpful to indicate which surgical procedure would be best for these patients.
Several methods to evaluate the efficacy of the procedure, such as high resolution or conventional manometry to measure the LES pressure and the body motility, upper endoscopy, and emptying timed barium esophagogram (to measure the width and the height of barium column) pre and post-treatment should be done.
In addition, some scales can also be used to evaluate the efficacy of the treatment, such as: the Eckardt et al. [12] scale [ Table 1 ], visual analog scale [13] and quality life SF 36 questionnaire [14] .
In regards to endoscopic treatments, there are three types available: injection of botulinum toxin in the LES, pneumatic balloon dilatation (PBD) and peroral endoscopic myotomy (POEM).
The use of botulinum toxin is not common outside the USA and Europe due to its high cost and also because the durability is very low, lower than the PBD. Some authors defend that esophageal botox injections seems particularly appropriate for high-risk patients, but should not be considered a completely safe procedure, with complications rates up to 7.9% in the largest case series available [15] .
In this chapter we will discuss the most available and used two types of endoscopic treatment for achalasia: PBD and POEM. treatment of achalasia.
Initial dilatation is performed using a 30-mm balloon and an objective evaluation of the symptoms after 4-6 weeks. For patients who continue to remain symptomatic, dilatation with next-sized balloon should be made. This serial pneumatic dilation approach has been shown to have excellent success rates. Although varying between studies, with relief of symptoms in up to 93% of patients in 6 months to 44% in 6 years [17, 18] . Additionally, the risk of perforation may be lower with the serial pneumatic dilation approach.
Some risk factors for failure PBD are: younger age, male sex, wider esophagus, poor emptying on post-treatment timed barium esophagogram and Eckardt et al. [12] scale < 3 before treatment.
Balloon dilatation of the cardia is not indicated for advanced megaesophagus, since the reduction of symptoms is less compared to the non-advanced form and its durability is less than 6 months. Although, a paper published from Pakistan [19] showed that 9 patients with dilated megaesophagus (Grade > II) with transverse diameter > 7 cm, were treated using a 35 mm balloon without complications and with symptomatic improvement at 12-month follow-up.
PERORAL ENDOSCOPIC CARDIOMYOTOMY
POEM introduced by Ortega et al. [20] in 1980 and later standardized by Inoue et al. [21] in 2010, is a new type of endoscopic treatment, which has been widespread in the past seven years.
This procedure performed with the upper digestive endoscopy is an esophageal and gastric myotomy with submucosal layer dissection under general anesthesia.
A cushion is formed in the submucosal layer of the esophagus, followed by a 2-cm incision in the mucosa to access the submucosal layer through the anterior or posterior wall. The creation of a submucosal tunnel is carried out to the esophagogastric junction, entering about 2-4 cm into the stomach.
Next, the myotomy of the gastric part is performed, followed by myotomy of the esophageal muscular layer. Some groups perform the total myotomy of the circular and longitudinal layers of the esophagus, while others perform only the myotomy of the circular layer. It is important to vary the extent of the esophageal myotomy from 6 to 10 cm towards the middle esophagus to the gastroesophageal junction (GEJ). Finally, the incision of the mucosal layer is closed with the placement of endoclips or by endoscopic suture.
PNEUMATIC BALLOON DILTATION
PBD uses a pneumatic balloon for low compliance, which is a balloon with minimal deformity and uniform distension throughout its extension. This design promotes the rupture of the muscular fibers of the LES, diminishing its hypertonia. Consequently, this facilitates passage of the alimentary bolus from the esophagus to the gastric chamber [16] .
The first balloon built was by Hurst in 1898. Different manufactured models of balloons were developed by Witzel in 1970, the first balloon was used with the gastroscope. Physical characteristics of the balloons, such as the high complacency, defined as high nonuniform balloon deformity, could increase the risk of perforation in the healthy area of the esophagus because the balloon reached its greatest distension diameter in the area of the minimal resistance.
With the advent of pneumatic balloons with low complacency, balloons with minimal deformity and uniform distension throughout its length, the risk of complications, particularly perforation, was minimized. Currently, the low-compliant balloon is used, which has different sizes (30, 35 and 40 mm) and are much larger than the standard through-the-scope balloons. As a result, the pressure generated by PBD is significantly more effective in fracturing the muscularis propria of the LES.
The dilatation can be done under direct endoscopic view, in which the balloon is placed at the height of the LES and the insufflation was performed under endoscopic vision until the maximum balloon measurement or until the patient begins to feel pain. It can also be done under radiological vision, in which the balloon is placed at the height of the LES. Under continuous radioscopy, the balloon is inflated to its maximum extent, visualizing the formation of a radiological waist in the balloon. Some groups interrupt the inflation after radiological waist loss, while other groups inflate the balloon to its maximum size.
The treatment of achalasia over the years has been carried out mainly through PBD due to its greater availability. However, PBD, although an effective method, has variable durability in different studies.
It is also associated with a theoretical higher risk of gastroesophageal reflux disease occurrence between 15-35% of patients due to the total rupture of the circular and longitudinal muscular layers of the LES [16] . However, this modality presents a low risk for major complications and deaths compared to surgery. It is currently the most effective non-surgical option for the The first publication on POEM was by Inoue et al. [21] in 2010 with 17 patients. The mean myotomy was 8 cm, 6 cm from the esophageal part and 2 cm from the gastric portion, with a significant decrease in the pressure of the lower esophageal sphincter (52.4 to 19.9 mm). There was no recurrence of dysphagia with a short follow-up of 5 months.
Initial published experience in humans [22] with nonsigmoid megaesophagus is more encouraging despite a relatively short-term follow-up (3 years). The largest series case [22] of 500 patients had Eckardt et al. [12] score decreasing from 6.0 ± 3.0 to 1.0 ± 2.0 and lower esophageal sphincter (LES) pressures from 25.4 ± 17.1 to 13.4 ± 5.9 mmHg with a mean follow-up of 3 years post-POEM. Gastroesophageal reflux was seen in 16.8% of patients at two months and 21.3% at 3-year follow-up.
The most recent meta-analysis [23] involved 2,373 patients with a clinical success of 98 % after the procedure. On one hand, the mean Eckardt et al. [12] score decreased from 6.9 ± 0.15 pre-operatively to 1.0 ± 0.08 within 12 months of treatment. In addition, there were significant decreases in the average lower esophageal sphincter pressure, integrated relaxation pressure and the average heights of the barium column following a timed barium esophagogram after the procedure. On the other hand, a mean followup of 8 months post-procedure shows symptomatic gastroesophageal reflux in 8.5 % and esophagitis on esophagogastroduodenoscopy in 13 %.
Only a few papers [24] have been published about POEM for sigmoid-shaped esophagus. The dilated and tortuous esophagus lumen may make the endoscopic dissection and separation of tissue more challenging and time consuming. The largest population was published by Hu et al. [25] with 32 patients and follow-up of 2 years with an efficacy of 96%. The Eckardt et al. [12] scale decreased from 7.8 to 1.4 and the LES pressure from 37.9 to 12.9 mmHg. No serious complications were observed. However, the most common complication was clinical reflux with an average of 25.8% of the patients.
Recent studies have shown that POEM results in better improvement of dysphagia and reduction of LES pressure and lower complication rates compared to PBD.
However, recent studies have shown that gastroesophageal reflux is more common in POEM, ranging from 15% to 35% in some studies, and myotomy in the posterior wall is more susceptible to reflux. Moreover, the formation of adhesions between the submucosal layer and the longitudinal musculature after POEM may make it challenging if surgical revision is necessary for recurrence or persistent dysphagia after POEM.
CLINICAL PRACTICE
At Clinicas Hospital University of São Paulo, one of the most experienced centers that treat patients with achalasia caused by Chagas disease, the endoscopic treatment through the pneumatic dilatation of the cardia or POEM is indicated in degrees I and II based on Ferreira-Santos classification.
In grade III, the option for POEM is questionable and in grade IV, dilation is indicated only with the intention to preparing the patient (providing greater nutritional intake) for surgical treatment.
From the surgical point of view, Heller's cardiomyotomy is indicated in degrees I, II and III, whereas in grade IV esophagectomy is the preferred technique.
At present, both gastroenterologists and surgeons do not know which modality of treatment is better to patients with degrees II, comparing POEM, PBD and Heller's cardiomyotomy and I.
At our institution, the first line treatment to patients degree I is PBD. In degrees II and III, patients up to 70-year-old without high-risk comorbidities are referred to POEM or Heller and in degree IV esophagectomy as the preferred technique. However, if the patient does not have surgical conditions, PBD is performed to provide greater nutritional intake and to relieve symptoms. The botulinum toxin is not currently available at our institution.
CONCLUSION
In conclusion, in spite of promising results, POEM requires significant qualifications, and because it is a recent procedure, lacks reproducibility. Long-term results and randomized clinical trials before validating the use of POEM in routine clinical practice for the treatment of esophageal achalasia.
In relation to balloon dilatation of the cardia, even with variable durability mainly in advanced megaesophagus, it is still widely used in older patients, with a higher surgical risk, and in many cases in patients already submitted to Heller's surgery who persist or develop dysphagia. 
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